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suimii.RY 

It been found In this prelimlnery invest- 
igstloD that an electrical gioa discharge fros a aharp 
pointy ahen inserted in auperaonio airfloa (M * 1*0 to 
M * 3«0) is sensitive to the following conditions. 

1. The glow current ia definitely pressure sensitive 
at supersonic volocitioe. 

£• Any Mach number change from II * 1 to H s 3 effects 
the glow current. 

3. A greater voltage is required to oeintain a 
given current for larger electrode s pacings, a 
larger si£o wire, and a positive wire polarity. 

4 * Platinum wire of 0.003- inch minimum diameter 
could be used in this inveitigation because any 
smaller sise wire bent when it was inserted in 
supersonic airflow. 

5. Current flow from 10 to 80 microamperes gives 
enough flow discharge for this experiment (M • 1.0 
to K a 3*0 J . 

6. The shape of the plate and the material from which 
it ia made effect the current flow. 

7. The glow changes in size with changes in Kach 
number. 

8. The glow changes In size with change in static 
pressure. 

9. This device adapts itaolf for use aa a static 
pressure measuring instrument and posaibly aa a 
Uach numoar recorder. 
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Frank jpavld Warner^) in hla Inveitlgatlon of the 
possible utiilaatloQ of an electrical ^loa discharge aa a 
means for measuring airflow characteristics, found that 
the gloa current from a sharp point is markedly pressure 
sensitive, somewhat dependent upon velocity, slightly 
dependent upon humidity, and apparently not dependent upon 
ordinary temperatures. His investigation was made through 
a velocity xange from zero to 400 feet per aecond or a 
Mach number range of from eero to about 0.4. 

The primary endeavor in the writer's investigation 
was to make a preliminary exploration to determine if such 
a glow would function at all in supersonic airflow, to 
design apparatus with which sn olectrlcel glow discharge 
from a aharp point could bo studied, and also to determine 
if the glow is pressure or velocity dependent at Mach 
numbers greater than one. l‘he Mach number range used in 
this investigation waa from 1.0 to 5.0. The facility in 
which this investigation waa carried out waa constructed by 
the writer and Lt. Cdr. F. X. Tlmmes (graduate student) at 
the University of Minnesota ^eroneuticsl Laboratories at 
the Rosemount Research Center, Roeemount, Minnesota. 

hlnce this is the first time an electrical glow 
discharge from a sharp point has been Inserted In super- 
sonic airflow to investigate its dependence on proaeuros 
and Mach numbers, it is to be expected that the results 
obtained will have some experimental errors because of 
Inadequate instrumentation and should be used only as s 
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guide for later end more ale borate atudlaa. Experience 
lo deaigning and ualng oquliment to make thia investigation 
ahould lead to the developjaent of more accurate Inatrument- 
atlon^ and to the elimination of aoae of theae errors. 
Hoaever» the general trend of dependence upon Uach number 
and proaaure of the electrical glow dlacbargo from a 
sharp point aill be ahoan in thia inveat igation. 

For thia study it aaa decided to construct » 
special small a iso wind tunnel instead of using any of 
the University's full-ecale tunnels. The reason for thia 
deciaion aas the necessity for more flexibility during 
inveat igat ions oven though the accuracy of ultimate re-> 
suite may be lowered. Since thia was the first use of 
the sharp point glow discharge in supersonic airflow, 
many adaptations were more convenient in this setup than 
in the full-scale tunnel. It la logical that the ultimate 
check of the date obtained in this tunnel would liave to 
bo made in a full-scale tunnel, but that stop la beyond 
the scope of this paper. A single step attempt to use 
the needle in a full-scale tunnel is shown in the 
appendix. 

The writer is grateful to Professor John D. 
Akerman for his advice and general direction of the 
reaeerch. Mr. Frank D* Werner was very helpful in the 
actual design of all the electrical equipaaent. Profossoi 
J. w. Bralthwalte was of great assistance in the design 
and construction of the supersonic wind tunnel. 
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The £<svel nozzle ««s medo o£ lacite for teo 
reesone: Piret, becaueo o£ ita transparency, through 

luclt© it is possible to observe the electrical glo« dis- 
charge at dlfiorent Mach numbers and at different static 
pressuros* Second, since luclte is s good insulator, 
there vas no danger of a current floe to ground through 
tho nozzle If s short occurred. Luclte has proved to be 
an excellent laaterlal to satisfy the above reQulrcBiente. 

The probes sere designed to be strong enough 
so that they sould not bend in suporeonlc airflos. Also, 
a Coating of arcylold, which la a liquid plostlc that 
hardens in about 48 hours, was used on each probe not 
only to give more rigidity but also to act sa an insulator. 
The insulatory properties of the coating sere essential, 
especially where tho probes were close together, to 
avoid arcing dowaetreasi of the platinum sire. Care was 
taken not to coat the plate circuit nor tho platinum wlro 
with the liquid plastic. Arcylold proved to be an 
excellent insulator. 

fehen the plate circuit was positive and the 
wire negative, measurable current readings were recorded. 
Ihen the wire was positive and the plate negative, current 
readings were so small that the electronic equipment 
designed for these teats did not detect any current flow, 
blnce raeasursble current readings were recorded when tho 
wire was negative, this type of circuit was used to obtain 



fxWl \»2 *ii.A0X la 



mif 



•i 






Ml ifr «ici#Okto 

•«jii «*(« *1*4 m ■aAii«a«« «i 4| Mi%M 

dl'ffif ##oiiaYki0 4 a U( a ^aaJI laoxalUa la aa^^Ma 

«v»44Uti*si aeat a ai aiJa«t aai^ta »A«»aaaa •awf%«a4a«i 
•aurci.f aall a t« iaa«a« aa aaa #»aai 

.«ii M %r7afa aad Mi«iAl ^^ttviacac Mai:# a li altaaii aM 
»Mcaa«ti4iMt afodl an.* a* fpian aa 

a ^a aa aaaa aai >a -» v >iil 

4^1A •^a.lxia (U^afeanaftai at- hmm9 «<■ a4«aa %aai /«Mrf ot 

/«s.* Al/aajk) 4iB^I a M .aiMcaaa :a a 

/oa Min i ntaa au aa»>* t«» 4l i|rat«a «| a&MMas 

taa/alaasi- oa ao iua ^ o4la noa aria ai fiaa 

y{al4ii*4a^ m'frnm y$t$44it^M aV >9 a4kl4*»aC«^ C'k«*^aJMaal 

it » la^iajs:/ aaala wrm aae»n; i^ii 4Taa« ^aiaacaa 
*ar«4« aMUaMai aM It i^aaniaMoa ^a«a iioat 
axia aiKiialq mix taa l^t^tla 94 •'a^ ai iM aaaai 

M a# a# M«ra«^ <al4*4^ Mi M/a 

•r> apa ttiffan aaa $i¥ni» mmic aiM a«a 

i’MTM# fXaataaaaw «M*fia 9 aa' atJa 
imx’tmtv t,anriia|^ a#M| a4i IMI a*a aaia «ai a^i 

«luaa/^ia Mi iMI iiaap «a a^«4i»a«« 

.aait a<4^n«.4 ivaiaa 7M aia a/aa# ataM tal aaai^laai 
aM aM«ii^A>Qr» aiM a^tdaat iaaxtaa aiiaaaaaa^ aa«4ll 

• taiau al *;a«-. #m J<«7vta i«. mtU iifU »a«lia^ ««■ «Bia 



the electrical gloa diaoharge current readings. The 
theory behind this phenoaenon is explained extensively 
in the paper writ tan by Prank David lernar^). 

The writer has found In this investigation 
that current readlnge were obtained up to 350 microamperea 
at high voltage aettinga. At those high voltages and 
currents the electrical gloa discharge mbs almost at an 
arcing stage; therefore » erratic current readinga result^ 
ed at this high voltage* For thla reason, loser current 
readinga were uaed in the Mgnitude of froa 60 to 80 micro*' 
amperes. Enough points were recorded at these lower 
currents to plot smooth curves as are shown in Figures 
2 through 6. From this it can be concluded that the 
use of lower current will give more stable readings and 
Bill give more accurately the trend of events under 
investigation. 

The electronic equipment was designed to give 
from aero to 10,000 volts positive and from aero to 
10,000 volts negative. These tao circuits could then 
be connected in a series to give a range of from aero 
to 20,000 volts. It was not necessary to use more than 
10,000 volts; therefore. It was not necessary to connect 
the two circuits together. The positive voltage supply 
was used throughout the entire investigation. The 
positive lead was connectea to the plate circuit which 
also acted as the static probe while the ground (shield 
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of co^az cable) of the circuit aaa connectad to the 
probe bolding the 0»003-inoh platinum Mire* 
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Ei^UIPkSMT 

Figure 3i ahoae the «ind tunnel nozzle^ the 
manometer board » the electrical equipment, and the probea. 
Figure 2S la a draalng, to scale, of the alnd tunnel. 
Figure 26 la a scale draalng of the Laval nozzle » bloc kt. 
Figures 27, 28, and 29 are diagraaa of the electrical 
equipment. 

the alnd tunnel was supplied alth a continuous 
floa of dry air from a 225-pound-per-aquare-lnch storage 
tank of 1750 cubic foot capacity* The high pressure air 
loaves the tank through a 1-lach high pressure steel 
pipe. 4 I- inch gate valve aas used to control the air 
leaving the high pressure atorage tank. The air entera 
the stagnation chamber of the alnd tunnel through a 2- Inch 
pipe. A 2-lach globe valve aas Installed in the 2-lnch 
pipe line for use as a throttling valve. Stagnation 
pressures In the stagnation chamber aere maintained by 
adjusting the 2-inch throttling valve* 

ik total head pressure gage aas designed as 
ahoan in Figure 25. It consisted of a 1/4- Inch steel pipe 
ahlch held a hypodermic needle. This pipe aas placed In 
the stagnation chamber as ahoan In the scale draalng of 
the alnd tunnel (Figure 25). One end of this stool tube 
aaa plugged ahlle the other end aas connected to a 
proasuro gage alth a scale from zero to 100 pounds per 
square inch. It aas found that this gage gave pressure 
readings accurate to aithin one percent of their correct 
value* 
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A atBQdarct typo aercur; laanosoter wea construct- 
ad and uaeo throughout this Inveatlgetion to cteasure 
atatlc preaaure. Figure 51 ahoaa this nanometer as it 
aas used to measure static preaaurea. 

Figure £5 shoes tho belX-mouth entrance to the 
noazia* This boll-mouthy made of hydroatonoy proved to 
be very satisfactory. So cracking or chipping of the 
bell-mouth eaa noticed at the completion of this invest- 
igation. 

Figure 2d ie a scale drasing of the Laval noazle 
blocks. The blocks and aide plates aero made of lucite 
and sere designed to give e Mach number from 1.0 to S.O, 
but a manufacturing error vaa made which gave a alightly 
different Mach numter. This difference is ahown in Figure 
1. It can alao bo seen in Figure X that the exporisiental 
Mach numbers are slightly less than the theoretical Mach 
numbers at tho same positions in the nozzle y but still 
gave astiafaciory Mach numbers for U • 1.0 to X » 3.1. 

The probes y aa ahown in Figures 30 and 33y were 
made of 1/4-lnch steel tubing. The static probe also act- 
ed as the plate of the circuit. A i/l6-lnch brass tube 
was inserted In the upstream end of tho static probe. A 
static hole was drilled In this brass tube 8 diameters 
from tho upstream end. Tho upstream end of the l/lb-lnch 
brass tube was closeo by silver solcer and ground to a 
very fine point. A l/lO-inch solid steel rod was Inserted 
in tho upstream end of the glow probe that held the 
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pi«tlnu» wire. Ihls upatrewia end of the solid steel rod 
was also ground to a eery fine point. The 0.003-lnch 
platinua wire was soldered to the upatreaa aharp end of 
the eteel rod. 

Both probes were coated with arcylold which is 
a liquid plastic that hardens In about 48 hours. Thete 
probes were oounted in iuclte holders that were fastened 
to the probe support. The probe support could be moved 
back and forth on a steel track, thus enabling the probes 
to bo set at any position desired In the noszlo. Figure 
S2 showe the probe support and the track on which It could 
be moved. 

The electronic equlpssent was designed In two 
separate parts. The circuit for part one Is shown In 
Figure 28. This circuit produced a negative voltage of 
from aero to 10,000 volts. The circuit for part two is 
shown In Figure 29. This second circuit produced a 
positive voltage of from zero to 10,000 volts. Voltmeter 
and sismeter circuits (Direct Current) were designed as 
shown and ware used to measure currents In microamperes 
and voltages. Ail voltmeter and ammeter readings are 
accurate to within 5 percent of tholr actual value. Both 
circuits were installed in the sa^ panel as shown In 
Figure SI. 
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ISbT ?HOCSl>Ui\E 

Ibe static probe» which also acted aa the plate 
circuit of the electrical glow discharBo, aaa inaerted 
in the noazle at 0*71-inch iron the throat with the static 
hole Just opposite the 0*71-inch position. At this 
position in the nozzle rune aere taade for different Mach 
numbers, fho etagnation pressure aaa changed through a 
range of values to determine the stagnation pressure that 
produced the approximate theoretical Mach number in the 
nozzle at the 0.71-inch position. At positions of l-inch» 
2, 5» and 4 inches downstream the same procedure a a des- 
cribed above was followed. A curve of the results is 
shown in Figure 1. 

It was found that stagnation pressures of 2b, 
bO, and 40 pounds per square inch gage gave a Mach number 
of 2.08 at the 1-inch position. Stagnation pressures of 
40, bO, and 60 pounds per square inch gage gave a Mach 
number of 2.44 at the 2- inch poeition. The 5 and 4 -inch 
positions were probed in the same manner, and Mach numbers 
of 2.8 and 3.1 were established. Stagnation pressures of 
70, 80, and 90 pounds per square inch gage were used at 
the 3- inch ^sition, and 90, 94, and 100 pounds per square 
Inch were used at the 4-inch position. It was found that 
below certain etagnation pressures the Mach number at any 
poeition could not be obtained. Since the nozzle did not 
have a diffueer attached to its exit, these high 
etagnation pressures are to be expected and check very 
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closely to those given in reference 5. 

After the static probe Mach number calibration 
(Figure 1) ass made at the various positions In the 
noasle, the probe that held the smell plotlnum wire was 
placed in position. The 0«003-lnch platinum wire on this 
probe was lined up just opposite the static hole in the 
atatic probe. lith the wire and plate at 0.25«inch 
spacing between them inserted in the nosale at the various 
positions^ runs were made as described In the preceding 
paragraiE^. Using this configuration. It was found that 
the same static pressures as obtained with the atatic 
probe alone were obtained at any position using correspond- 
ing stagnation pressures, thus showing no effect of the 
glow probe on static pressure and Ksch number at locations 
under invest igst ion. 

«lth the probe spacing of 0.25- inch and the 
stagnation pressures neceetary to produce the 14sch number 
St sny given position, runt were made at the various 
positions in the tunnel. The same procedure was followed 
for a 0.125-inch spacing. Asineter and voltmeter readings 
were recorded during each run. 

hinoe runs were made as rapidly as possible, it 
ass assumed that for any run the temperature romalned 
constant. Also, dry air (-400 f. ) was used throughout 
the invest igat ion* 

A vacuum jar was used to determine pressure 
effect on the glow discharge at aero Msch number. The 
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platQ and sire used In the vacuua jar aere laade of the 
eame laaterlal end aero the sane alao* Various absolute 
preaauree were fflaintalned In the jar« and anmetor and 
aeXtmetor readings were obtained. Dry alr« often ventilated 
to avoid lonlaatlon, sea used In the vacuum jar. Figure 
2 gives data obtained from thla teat. 
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TSbl (exp 10 H OF ^ 

Figure 1 »ho«B the M«ch nuabor ver«ua the dis- 
tance along th© nozalo. The Mach nutabor aas determined 
by # static probe connected to a mercury manometer. 

The stagnation pressure sas read directly from e pressure 
gage. II the atagt^tlon pressure^ the stotlc pressure^ 
and the barometer reading are knoin, Mach number can be 
easily determined. laentroplc floa sas sasuaed upstream 
and dosnstreaa (but not through} the normal shock aave* 

Figures I through 7 give alcroamperes versus 
volts at various Mach numbers ranging from aero to 3.1. 
The space between the plat© and th© sire was 0.26-ineh. 
These curves ehos that the glos discharge la definitely 
dependent on pressure. 

Flgurea Q through 1£ give absolute preesuroB 
vorsuB Volta at various current flows. The data for 
these corves were obta Ined f rom the niloroaaiperea versus 
volts curvet (Figures 1-7 >. 

The final curve. Figure 13, shows the effect 
of Mach number. Here microamperes versus volts at con- 
stant absolute pressure were plotted. After studying 
these curves, it can be readily seen that the glow dis- 
charge Is velocity dependent. It con be seen that all 
curves from M a aero to M s 2.3 have the same general 
trend, but the M * 3.1 curve Is different. This Is 
probably due to experimental errors and to poor supersonic 
airflow at the 4-lnch position. Nevertheless, all the 
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curvQS shov the a«ae general trends end indicate that 
the Mach nusibor has an eiXect on the electrical gloa 
discharge. 

fhe reraalnlng curves. Figures 13 through £4, 
ahoa teat date under the same condition a a above except 
that the spacing of the plate and alre aaa reduced to 
O.lSh^inch. Again it can bo seen that the electrical 
gloe diacberge la pressure and Mach nutaber dependent. 
Eoaever, this tla^ the Mach nusaber curves did not plot 
in the aaoae aequenco. This la parti? due to experimental 
errors, and it la expected that at the 0.125- inch spacing 
there is some airfloa Interference between the plate and 
the wire, even though it did not show up on the static 
readings. These curvea, oven though the? don*t follow 
in sequence, show a general trend which indicated that 
the glow discharge is dependent on Mach number. 

Figure 34 shows a spark photograph of the noxzle 
blocks at a Mach number of zero. It can be seen that the 
channel walls are fogged upi this is due to poor glueing 
of the aide plates to the nozzle blocks. Indicating that 
the glue had run down the walla of the nozzle. The black 
heav? lino below the channel la a tape measuring device 
for piecing probes at exact position in the nozzle. 

Figure 35 shows the seme nozzle with supersonic 
airflow at a Mach number of 2.Q1. Shock waves at the 4- 
inch position can be seen. Also, st about the 4-inch 
poaition the flow starts to separate, and b? the time it 
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roQchee tho end of tho nozzle It sppeers to have separated 
alaoat completely. XXie to the cloudy aides of the channel 
nothing else can bo aeen. 

Figure 36 ahowa the same nozzle block with 
euperaonic airfloa at a Mach number of 2.81, but this 
time the probea are inaorted in the nozzle. The spacing 
betseen the plate and aire was 0.25*lnch. Here it 
appeara that the probea have helped the flo«» but again 
due to reflection through the top sail of the channel and 
cloudy channel aalle» little of iz^ortance can be seen. 

Even though the floa appeara better with the probes 
inserted f the static probe manometer readings indicated 
that'^tha 4->inch position aeparation and turbulent flow 
oxista. 

8ince this experimentation was the firat ex- 
ploration of the supersonic flow by means of sharp point 
glow discharge, the establishment of methods, trends, 
limitations, and possible expectations for this type of 
flow study was more important than finality of results. 
kt the start of the investigation it was not possible to 
predict in which direction to concentrate and, therefore, 
a flexibility in general of instrumentation was more 
important than fine accuracy of any one item in particular, 
but even with this procedure, the accuracy of all test 
data is limited only by tbe type of instrumentation used 
and the accuracy with which it was read. Considering tho 
typo of gages and electronic equipment used, an overall 
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COtiCuU^IOfito AUlJ nEC0i6^£ii£t&T10lta 

It is cancludtd that an electrical gloa ciia* 
charge ehen laaerted In euperaonlc alrilow ha a the 
lolloalng character let lea: 

1. The gloa current la definitely preasure aenaltlae* 

£• The gloa current la dependent on aeioclty *« 

that la, any Hach number betaeen Mai end M « 5 
change effecta the gloa current* 

S. A greater voltage la required to maintain a given 
current for larger electrode apse Inga, a larger 
else alre, and poaltlva alre polarities. 

4 . Platinum alre 0*002-lnch diameter could bo used 
In this Investigation becauae any s&^ller size 
alre bent ahen It aas Inserted in supersonic 
a Irf loa* 

5* Current flos from 10 to 80 mlcroamperea gives 
enough gloa discharge for this experiment* 

6* The shape of the plate end the niaterlal from 
ahlch It la made effect the current flea* 

7* The gloa changes In size aith changes In Mach 
number* 

8* The gloa changes in size alth change In static 
pressure* 

9* This device adapts Itself for uae as a static 
pressure measuring Instrument and possibly as a 
Mach number recorder* 



The folios log recoamendat ions are given beloa; 

1* If iuclte nozzle blocks are to be made for this 
tunnel, it la recommended that great care be 
taken In the glueing process to give clear and 
smooth wells . 

2. Kozzle blocka should be made by the method of 
characteristics, thus eliminating the bed flow 
conditions encountered In the i^aval nozzle. 
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3* AD extreaiel^^ lensitlve type of throttling valfe 
be incorporated In the equipment to eoeblo the 
operator to hold stagnation pressures more closely 
to the desired value- 

4- An accurate means of nwasurlng stagnation press- 
urea be used- It Is suggested that an electronic 
gage (strain gage) be used. 

5. A mount holder for the pro he a should be designed 
so that It sill give good accessibility to a 
change In spacing of plate and wire. 

6. The tvo probes should bo made of a strong in- 
sulating material, thus eliminating steel tubing 
and liquid plastic Insulations. 

7. A high voltage fuse should be used In the 
electronic equipment to avoid any voltage leak- 
age and to protect the poser supply. 

8. A voltmeter and an ammeter circuit should be 
designed to measure the voltage and the current 
when the t«o poser supplies are connected In 
aeries . 

9 . A tapered needle to give sharper point and enough 
strength to lithe tand air blast may be necessary 
end If it Is not too expensive to manufacture, 
should be tried in the next experiments. 
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